From the Stoke on Trent Hospital Group (RECEIVED FOR PUBLICATION MARCH 21, 1959) We have previously reported measurements of the maximum ventilatory capacity and the ventilatory requirements for a standard exercise in 26 patients with mitral stenosis (Stock and Kennedy, 1953) . A small but variable reduction in maximum ventilatory capacity was noted which appeared to bear little relation to the severity of the patients' symptoms. On the other hand, it was found that increasing disability in mitral stenosis tended to be associated with an increasing ventilatory cost of exercise. We suggested that this increased ventilation might prove useful as an objective index of disability.
In this communication, serial measurements of the ventilatory cost of exercise before and after operation in 85 patients with mitral stenosis treated surgically are presented, together with data from a further 20 patients whose symptoms did not warrant operation. In analysing the data, we have tried to assess the value of simple ventilatory tests as an objective index of disability and as a measure of operative success. In 40 cases the data obtained at cardiac catheterization have been related to the ventilatory findings.
VENTILATORY FUNCTION TESTS The ventilatory cost of exercise has been measured using the Hugh-Jones exercise test (Hugh-Jones, 1952) . In this test, after resting ventilation has been recorded, the patient steps on and off a platform, the height and rate of stepping being adjusted according to the patient's weight so that all subjects exercise at a work level of 300 kg. m./min. The exercise is continued for five minutes or until the patient is forced to stop. The average ventilation during each minute of exercise is recorded and ventilation is similarly measured throughout the recovery period until it has fallen again to the resting level. Two principal indices are derived from the test, namely, the " exercise ventilation " (E.V.) and the " standardized ventilation" (S.V.). The former (E.V.) is arbitrarily defined as the ventilation during the last minute of exercise. The latter value (S.V.) is obtained by taking the total excess ventilation above the resting level, from the beginning of exercise to the end of the recovery period, dividing it by the number of minutes of exercise and then adding the resting ventilation.
Throughout the investigation we have used a standard work level of 300 kg. m./min. in all cases for the exercise test. In the patients subjected to valvotomy, two or more pre-operative tests were always done and the results from the second test have been taken to allow for any learning effect. In a few of the cases, the patients' symptoms when first seen did not warrant operation, but they later deteriorated clinically and surgery was advised. In many of the less disabled patients further tests at the higher work levels of 350 and occasionally 450 kg. m./min. were done.
Although most workers have used the E.V. as a measure of ventilatory response to exercise, we consider the S.V. to be the more appropriate index for two reasons. -First, provided roughly two minutes of exercise is completed, its numerical value is largely unaffected by whether the patient completes the exercise or not. This has obvious advantages in comparing disabled cardiac patients. Secondly, Hugh- Jones (1952) showed that, when five minutes of exercise is completed by normal subjects and by patients with pulmonary disease, the E.V. and S.V. are numerically equal. Although we were able to confirm this finding in normal subjects and patients with pulmonary disease we have found this is by no means always true of disabled mitral patients, who often fail to reach a steady ventilatory state (Stock and Kennedy, 1953) . In such patients, the total ventilatory cost of exercise can only be appreciated by using an index which takes the recovery period into account.
Maximum ventilatory capacity was also measured in all subjects directly using the maximum voluntary ventilation test (M.V.V.) of Gilson and Hugh-Jones (1949) and indirectly as described by Kennedy (1953) . This latter test was carried out both before and immediately after exercise in all cases.
CLINICAL MATERIAL
The clinical material consisted of 85 consecutive patients with mitral stenosis treated surgically for whom adequate ventilatory data were available. The severity of each patient's symptoms was assessed on clinical grounds before any ventilatory tests were done, using the criteria for clinical grading of Baker, group.bmj.com on July 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from We have found that failure to complete the five minutes of exercise is often a useful indication of physical disability. Whilst clearly the patient's personality must play some part, purely ventilatory factors sometimes appear to be largely (Table IVB) .
When five minutes of exercise is completed, it would be expected from Hugh-Jones's work (1952) that the E.V. and S.V. should be equal. We have again confirmed that this is by no means always true in mitral patients (Table IVA) .
In 21 of the 67 patients summarized in Table II On the other hand, there appears to be a somewhat closer correlation between the value for the S.V. and the pulmonary vascular resistance, best seen when the latter is plotted logarithmically (Fig. 3) Dyspnoea in mitral stenosis is at present largely attributed to the increased work of breathing from a reduced lung compliance (Wood, 1956) , although no direct correlation has yet been shown between measurements of lung distensibility and the clinical severity of the dyspnoea (Hayward and Knott, 1955) . We think that perhaps insufficient attention has been paid to the hyperventilation on exercise in considering the pathogenesis of symptoms in these patients. A reduced lung compliance must clearly contribute to the dyspnoea, more especially since many disabled mitral patients, despite the increased work for each breath, achieve during relatively mild exertion a minute volume of ventilation (E.V.) which normal subjects would require only for much more strenuous activities. Insufficient attention has, moreover, been paid to the asymmetrical contour of the ventilatory curve which is so common in disabled mitral patients (Fig. 2) . Even when five minutes of exercise is completed, the total ventilatory cost of the exercise may not be appreciated from the E.V. alone due to the prolonged recovery phase. On the other hand, the S.V., which takes the recovery period into account, is not only a better index of the total ventilatory response but we find it correlated more closely with clinical disability. Other symptoms than dyspnoea also occur in mitral stenosis, such as exhaustion, fatigued muscles, and aching limbs. Such symptoms may be due to a large oxygen debt, the necessary repayment of which during recovery could lead to the discrepancy between the S.V. and the E.V.
The relationship between the disturbed haemodynamics and the ventilatory changes in mitral stenosis is not yet fully understood. A number of workers have suggested that the hyperventilation on effort is due to an inadequate response of the cardiac output so that a large 244 group.bmj.com on July 7, 2017 -Published by http://thorax.bmj.com/ Downloaded from oxygen debt accumulates during exercise (Stock and Kennedy, 1953; Cotes, 1955; Holling and Venner, 1956; Govaerts, Lequime, and Denolin, 1954; Wyndham and Ward, 1957 If a large oxygen debt is in fact responsible for the excess ventilation, the maximum oxygen uptake which the subject can achieve must clearly be a critical factor in determining hyperventilation. It One year after valvotomy, a group of 63 patients showed a general correspondence between the clinical assessment and the change in the S.V. In the best results, the S.V. falls progressively during the first one or two years after operation. In addition to the fall in the total ventilatory cost of exercise, the ventilatory curve assumes a more normal contour so that the E.V. and the S.V. become numerically equal.
The test has proved a sensitive index of re-stenosis, a rise in the S.V. often preceding the reappearance of symptoms. In patients of comparable clinical status, the S.V. one year after valvotomy is often of prognostic value.
